The influence of content knowledge on teaching and learning in traditional and Sport Education contexts: An exploratory study by Iserbyt, Peter et al.
For Peer Review Only
 
 
 
 
 
 
The influence of content knowledge on teaching and 
learning in traditional and Sport Education contexts: An 
exploratory study 
 
 
Journal: Physical Education and Sport Pedagogy 
Manuscript ID: CPES-2014-0120.R2 
Manuscript Type: Original Article 
Keywords: 
Specialized content knowledge, Professional development, Pedagogical 
content knowledge, Swimming 
  
 
 
URL: http://mc.manuscriptcentral.com/cpes  Email: pesp@beds.ac.uk
Physical Education and Sport Pedagogy
For Peer Review Only
Running Head: Teacher Behaviour and Student Learning in Swimming 1 
 2 
 3 
The influence of content knowledge on teaching and learning in traditional 4 
and Sport Education contexts: An exploratory study 5 
 6 
Abstract 7 
Background. Our understanding of the role in which CK can strengthen instructional 8 
models and how that knowledge matters for professional development is limited. It is 9 
contended that mere use of an instructional model is insufficient to impact 10 
psychomotor learning in meaningful ways.  11 
Purpose. This study was conducted to investigate how a teacher’s enacted 12 
Pedagogical Content Knowledge (PCK) differed as a function of Content Knowledge 13 
(CK) and Sport Education (SE); and to investigate the relative contribution of CK and 14 
Sport Education on student learning in terms of swimming performance.  15 
Methods. Four intact classes comprising 88 secondary school students (age: 16-17 16 
years) were randomly assigned to a Traditional, a Sport Education, a Traditional-CK, 17 
and a SE-CK group. All classes were taught by the same teacher during a 10-day unit 18 
of instruction in the front crawl.  19 
Results. Results showed that the teacher’s PCK differed as a function of improved 20 
CK. For verbal representations, the amount of cues in the Traditional-CK and SE-CK 21 
groups increased about six-fold compared to the Traditional and Sport Education 22 
group. For visual representations, more partially incorrect demonstrations were 23 
observed than correct demonstrations in the Traditional and the Sport Education 24 
group. More mature and developmentally appropriate tasks were observed in the 25 
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Traditional-CK and SE-CK group compared to the Traditional and the Sport 26 
Education group. Students in the Traditional-CK and SE-CK groups demonstrated a 27 
significant reduction of their amount of strokes on 50m compared to the Traditional 28 
group. A significant interaction effect revealed a larger increase in swimming 29 
performance in the CK groups compared to the Traditional and Sport Education 30 
group. Finally, students in the Sport Education group swam significantly more laps 31 
than their counterparts in the other groups.  32 
Discussion and conclusion. These results show the impact on student learning when 33 
CK was added to both traditional and Sport Education conditions and contribute to 34 
the literature for pre- and inservice teachers. The Sport Education model did not 35 
contribute to students’ swimming performance. Students in the Traditional and Sport 36 
Education group did not get the same quality of instruction as students in the 37 
Traditional-CK and SE-CK condition. The latter groups received content that was 38 
presented differently both as a presentation and in terms of the actual task. In short, 39 
students in the Traditional and Sport Education conditions experienced the content 40 
differently than those in the Traditional-CK and SE-CK condition. These instructional 41 
differences resulted in students in the Traditional-CK and SE-CK condition 42 
improving their swimming performances in terms of technical efficiency and in terms 43 
of 50m times. 44 
 45 
Key Words 46 
Specialized Content Knowledge; Professional Development; Pedagogical Content 47 
Knowledge, Swimming 48 
49 
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Introduction 50 
Policy discourse relative to teacher quality can refer to many things including 51 
teacher preparation programs (e.g., coursework-content studied, graduate level 52 
training), life experiences (e.g., socio-economic status, teaching experience,), 53 
test scores (pre-service teacher assessment) and ongoing professional 54 
development (Darling-Hammond 2001; Harris and Sass 2011). Regardless of 55 
the agenda for teacher quality, all discourses share a common belief that 56 
teacher quality has an impact on student learning through the creation of 57 
quality learning environments (Darling-Hammond 2001). That is teachers use 58 
their knowledge and experience to arrange conditions that facilitate student 59 
learning. In this view, learning environments encompass teacher behavior 60 
(e.g., clarity of task presentation, class management) as well as teaching 61 
models (e.g., peer tutoring, direct instruction, Sport Education).  62 
The contemporary policy emphasis on teacher quality and learning 63 
environments represents a macro view of teaching that considers both the 64 
daily as well as the cumulative effects on student learning. The focus is not 65 
only on proximal measures of teaching effectiveness such as successful trials 66 
(Silverman 1985; 1990) or Academic Learning Time (Siedentop, Tousignant, 67 
and Parker 1982), but also includes distal and outcome indicators of student 68 
learning (e.g., summative measures such as game performance and skill 69 
assessments).  70 
One of the important contributions to understanding the role of learning 71 
environments in physical education has been Metzler’s (2011) rationale for his 72 
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conception of teaching models. Metzler (2011) has argued that instructional 73 
models and content should be matched to maximize the intended learning 74 
outcomes (Metzler 2011). For example, if one were teaching swimming to 75 
beginners, the safety of the students may necessitate direct instruction instead 76 
of more student centred methods. In contrast, teaching swimming to 77 
experienced swimmers allows for a greater range of instructional models (e.g., 78 
Sport Education or peer tutoring). The rationale is grounded in the assumption 79 
that different learning environments created by instructional models produce 80 
different learning outcomes. 81 
From a research design perspective, teaching models can be viewed as 82 
pedagogical interventions consisting of instructional and in some cases 83 
managerial elements, and it is the elements of the packages that create the 84 
different learning environments. For example, peer tutoring uses elements of 85 
accountability in the form of group contingencies to develop and maintain the 86 
reciprocal roles of tutor and tutee (Iserbyt et al. 2011). Peer tutoring is a 87 
relatively simple learning environment compared to Sport Education 88 
(Siedentop, Hastie, and van der Mars 2011). Sport Education consists of a 89 
number of elements such as organizing the unit into seasons. These include 90 
affiliation through the use of persisting groups where students are placed in 91 
teams for the duration of the season, record keeping to both motivate and hold 92 
students accountable, competition to allow students to apply their knowledge, 93 
skills and values (e.g., fair play); and culminating experiences that serve to 94 
bring festivity and recognition of student accomplishment (Siedentop et al. 95 
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2011). Collectively, these elements form a sophisticated instructional and 96 
managerial infrastructure that comprises the learning environment.  97 
Concurrent with concerns for teacher quality has been a focus on the role of 98 
content knowledge (CK) in learning environments (Ball, Thames, and Phelps 99 
2008). The argument is grounded in the assumption that CK impacts 100 
pedagogical content knowledge or PCK (Kleickmann et al. 2013; Shulman 101 
1986, 1987). When Shulman (1987) proposed focusing attention on CK in 102 
teaching, his focus was not merely on CK and PCK as knowledge bases that 103 
impact teaching and student learning, but he also situated them between five 104 
other knowledge bases: curricular knowledge, general pedagogical knowledge, 105 
knowledge of learners and their characteristics, knowledge of educational 106 
contexts, knowledge of educational ends and purposes. At the time, he 107 
conceptualized these as related and parallel influences that impacted student 108 
learning. However, shortly after proposing this model he modified the 109 
relationship in a way that all researchers have since used, which is that the 110 
knowledge bases act on and through PCK (Gudmundsdottir & Shulman, 111 
1987). More than two decades following Shulman’s (1986) initial 112 
conceptualization of PCK, a teacher’s content knowledge is considered the 113 
most influential of the knowledge bases that impacts PCK and in turn student 114 
learning (Abell 2008; Ball et al. 2008; Krauss et al 2008; Ward 2009).  115 
The distinction between CK and PCK has not been well understood nor 116 
elaborated until Ball et al. (2008) classified CK into two domains in 117 
mathematics. The first domain was titled common content knowledge (CCK), 118 
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which was knowledge needed to perform a mathematical task, such as 119 
answering a math problem. The second domain was labeled specialized 120 
content knowledge (SCK). It refers to knowledge and skills that represent 121 
mathematical reasoning and error analysis. Furthermore, Ball et al. (2008) 122 
describe CCK as knowledge that is used by individuals who have been 123 
educated in the task (e.g., multiplication), whereas, SCK is “special 124 
knowledge” that is uniquely needed by teachers to teach CK (e.g., teaching 125 
progressions for two digit multiplication). Thus, teachers must know how to 126 
perform the steps for the procedure to provide the correct answer when solving 127 
a multiplication problem such as 27 x 56 (i.e., CCK). But they must also know 128 
what errors students are likely to make and how to correct them (i.e., SCK).  129 
SCK can be differentiated from PCK in the following way. Consider the 130 
problem of a teacher teaching a fitness unit and using the basic sit-up (knees 131 
bent, hands on shoulders) as the task presented to the students. For some 132 
students this basic sit-up will be too hard and for others too easy. In order to 133 
adapt the task to the differing needs of the students (i.e., PCK) the teacher 134 
must first know task progressions that are easier (e.g., placing hands on the 135 
ground beside the hips and placing the chin on the chest) and more difficult 136 
(e.g., crunches). This sequence of task progressions is SCK and it is 137 
hypothesized by Ward (2009) that knowing this sequence specifically 138 
strengthens the teacher’s PCK.  139 
In the context of this discussion, the role of content knowledge relative to 140 
outcomes of a teaching model is important. Metzler’s (2011) argument for the 141 
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use of CK in teaching models is primarily based in the alignment between the 142 
purpose-outcomes of the model and the content best suited to support the 143 
outcomes. In this study, our focus is on psychomotor outcomes. Most teaching 144 
models are content free with the exception of adventure-based learning 145 
(Sutherland, Ressler & Stuhr, 2011). The influence of CK on PCK is by its 146 
nature subject, grade level and context specific (Rovegno, 2006). Findings 147 
from math and science repeatedly show that “appropriately selected and 148 
implemented mathematical tasks lay the foundation for students’ construction 149 
of knowledge and represent powerful learning opportunities” (Krauss et al, p. 150 
717). Similarly, Ward (2013) has argued that CK can be best seen in quality 151 
task selection and its representation to students, noting that, “If you use low-152 
quality tasks students acquire something different than if you used high-153 
quality tasks” (Ward, p. 437). Inter- and intra-task adaptions such as refining 154 
and extending tasks have been shown to be substantively different as a 155 
function of a teacher’s CK (Ayvazo & Ward, 2011; Schemmp, Manross, Tan 156 
et al, 1998). Importantly, intra-task adaptation differentiates between the 157 
effectiveness of the same teachers in different units. Because it is here that CK 158 
is adapted to specific needs of the students. 159 
Studies of sport educatio have repeatedly emphasized the importance of CK in 160 
having an impact upon psychomotor outcomes. Using discrete skills tests 161 
Hastie (1998) and Hastie and Trost (2002) reported pre-post difference in skill 162 
development and knowledge by students who were taught using Sport 163 
Education. A well designed study by Pritchard, Hawkins, Wiegand and 164 
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Metzler (2008) reported gains, but no significant differences between 165 
volleyball taught using Sport Education versus a more traditional format 166 
focusing on game performance. In contrast, Browne, Carlson and Hastie 167 
(2004) reported significant differences in skill levels for rugby. Interpreting 168 
these findings can be problematic because the confounding issue in these 169 
studies is the assumption that the content (e.g., progressions and tasks) was 170 
taught correctly, was appropriate, and that students received quality feedback. 171 
If knowing the content for teaching is important, then knowing the content for 172 
teaching Sport Education requires knowing how to rearrange the content in 173 
such a way that it can be taught in small groups by students. Ko, Wallhead & 174 
Ward (2006) suggest that one reason Sport Education is not used as often as it 175 
might be lies not with the teachers’ understanding of the model but “because 176 
their content (sport subject matter) knowledge was limited in ways that did not 177 
allow them to use the Sport Education curriculum in the manner it was 178 
designed” (p. 412). 179 
Our understanding of the role in which CK can strengthen instructional 180 
models and how that knowledge matters for professional development is 181 
limited. In this study, we systematically examined teaching and learning in 182 
four instructional conditions for learning the front crawl in swimming. We 183 
determined the relative contributions of traditional instruction, a Sport 184 
Education unit, traditional instruction strengthened with knowledge of SCK, 185 
and Sport Education strengthened with knowledge of SCK. Each was a 10-day 186 
swimming unit. Our research questions were: (1) How does the teacher’s 187 
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enacted PCK differ as a function of CK and Sport Education; (2) What is the 188 
relative contribution of CK and Sport Education to student learning in terms of 189 
swimming performance? 190 
Conceptually, we position this study at the nexus of teaching effectiveness 191 
studies and PCK studies. Like these approaches, we are interested in 192 
examining the relationships between teaching and student learning. 193 
Specifically our interests are in determining the role of CK upon enacted PCK, 194 
and in turn the effect that PCK has on student learning. We also align 195 
ourselves with inquiry that is occurring on this topic in math (Ball et al. 2008; 196 
Kleickmann et al. 2013; Krauss et al. 2008;) and in science (Abell 2008). 197 
Methodologically, we situate ourselves within the more than four decades of 198 
behaviour-analytic literature in physical education and sport where direct 199 
observation and measurement of student performance are considered measures 200 
of student learning (Martin 2003; McKenzie 2010; Rushall and Siedentop 201 
1972; Ward 2006).  202 
Methodology 203 
Participants and setting 204 
The teacher in this study was male and 39 years of age. He had been certified 205 
to teach K-12 PE for 17 years and had been teaching PE (including 206 
swimming) in the school where the experiment was conducted for 16 years in 207 
grades 9 through 12. He had not swum competitively and had not been 208 
involved in coaching swimming. The teacher was selected based on three 209 
criteria: (1) agreeing to participate in this study, (2) being able to teach a 10-210 
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day swimming unit, and (3) not being familiar with the Sport Education 211 
model. The teacher was asked to self-report his swimming knowledge in the 212 
four CK domains described by Ward (2009) using the categories good, 213 
sufficient, or insufficient. Except for knowledge of task progressions 214 
(sufficient), he reported all knowledge domains as ‘good’.  215 
Four intact 10
th
 grade classes (n = 88) from a secondary school in Flanders, 216 
Belgium were selected to participate in this study. Students averaged 16 years 217 
of age and received two 50-minute lessons of PE per week. Students had 218 
received swimming classes in the previous years, which were primarily 219 
focussed on breaststroke. The school’s PE curriculum was arranged so that 220 
one of the two lessons each week was a swimming lesson with the other lesson 221 
occurring in the school’s gymnasium where court sports were taught. 222 
Instructional time in all swimming classes averaged 41 minutes (range 39-43 223 
minutes). This school was selected because of its proximity to the university, 224 
its collaboration with the university’s Physical Education Teacher Education 225 
program, and because it has a swimming pool on its campus. The swimming 226 
pool had four lanes and the pool’s dimensions were 16.67 by 8 meters. 227 
Students had to swim three laps to cover a 50m distance. Average class size 228 
for PE in this school was 18 to 25 students. Informed consent for the study 229 
was received from the teacher, the students’ parents and the principal of the 230 
school after approval from the first author’s Institutional Review Board was 231 
obtained. 232 
Study Design 233 
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We set up an experimental design to systematically investigate teacher 234 
behaviour and student learning as a function of four conditions. Classes were 235 
randomly assigned to one of four instructional conditions. First, the teacher 236 
taught classes using a Traditional and a Sport Education (SE) approach. In the 237 
Traditional class, the teacher was asked to teach his typical 10-day unit of 238 
front crawl swimming. In the Sport Education class, the teacher taught his 10-239 
day unit of crawl swimming using the Sport Education model. The content in 240 
this class was similar to the Traditional class. Since the teacher was not 241 
familiar with Sport Education, he received a workshop designed to teach him 242 
Sport Education prior to the start of the study. Once these units were 243 
completed, the teacher participated in a CK workshop after which he again 244 
taught two classes. In the Traditional-CK class, the teacher taught ten lessons 245 
using the CCK and SCK instructed in the workshop to inform his PCK. He did 246 
not use Sport Education in this class. In a forth class, SE-CK, the teacher 247 
combined Sport Education with CCK and SCK.  248 
Independent Variables 249 
Two independent variables were used, Sport Education and CK. Both were 250 
delivered as a 1on1 teacher workshop. In addition, teacher feedback related to 251 
the implementation of Sport Education and CK in the Traditional-CK and SE-252 
CK lessons was provided. 253 
Sport Education workshop. The teacher in this study attended a three 254 
hour Sport Education workshop led by the principal investigator who was 255 
familiar with the Sport Education curriculum and the challenges implementing 256 
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this model in schools. This short duration workshop was possible due to the 257 
one-to-one tutoring setting. Prior to starting the workshop, the teacher was 258 
asked to read the ‘Complete guide to Sport Education’ handbook (Siedentop et 259 
al., 2011). During the workshop the teacher was taught the 10 Sport Education 260 
features described by Siedentop et al. (2011). Table 1 lists these features. The 261 
Sport Education features were introduced together with specific examples for 262 
a swimming unit. In addition to the workshop, the lead author and the teacher 263 
planned the Sport Education infrastructure to be implemented in the 264 
swimming unit. Finally, the teacher trialled the Sport Education unit with a 265 
swimming class not involved in this study prior to implementing Sport 266 
Education in the study. During this trial the teacher received feedback from 267 
the lead author and made refinements to the Sport Education unit. 268 
Swimming content knowledge workshop. After teaching the 10-day 269 
unit of front crawl swimming to the Traditional and the Sport Education class, 270 
the teacher received a CK workshop. The content of the workshop was 271 
organized around the CK packet. A CK packet is a body of knowledge, in this 272 
case swimming, that contains both CCK and SCK that is appropriate for a 273 
particular grade context such as upper elementary or middle school. It is not 274 
PCK, because no shaping of the content to meet specific student needs had yet 275 
occurred (Author Citation, in press). The knowledge packet was developed by 276 
the third author of this study who is a swimming expert and was validated 277 
through discussion and approval by eight other swimming experts: one 278 
professor and two teaching assistants in swimming at university level, one 279 
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researcher specialized in secondary school teaching programs, and four 280 
swimming coaches at the national level. All experts agreed on the content and 281 
task progressions in the packet and on its developmental appropriateness for 282 
teaching a crawl unit in a secondary school setting as described above. The 283 
goal of the CK packet was to improve the efficiency of the crawl stroke using 284 
SCK. The focus was on two topics, namely: (1) reducing drag by improving 285 
the streamlined position of the swimmers to swim faster; and (2) a reduction 286 
of the number of arm strokes per distance. Since swimming speed equals 287 
stroke length multiplied by stroke rate, it is generally accepted that a reduction 288 
in stroke rate for the same speed represents an increase in effectiveness of the 289 
swimming technique because the swimmer covers more distance per stroke 290 
(Costill 1985). The teacher was asked to read the CK packet before starting the 291 
workshop. The workshop duration was three hours and was conducted over 292 
three days. The first author led the workshop which consisted of three main 293 
topics: (a) introduction of the CK packet, (b) modelling the CK packet and 294 
learning how to teach its content, and (3) evaluating whether the teacher 295 
mastered the content during the workshop and upon completion. The latter 296 
was done by asking the teacher to demonstrate CCK and SCK to the research 297 
assistants every time a new (technical) skill and progression was introduced. 298 
The first author evaluated the teacher’s performance by means of observation. 299 
When the teacher reached a 100% correct task presentation of all skills in the 300 
packet, the workshop was completed.  301 
Dependent variables 302 
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Teacher variables. Teacher behaviour (i.e., PCK) in all classes over the 303 
10-day unit was coded into three categories: verbal representations, visual 304 
representations, and maturity/appropriateness of the task. For more detail on 305 
these variables see Ayvazo and Ward (2011), and Kim (2011). Verbal 306 
representations consisted of instructions, descriptions, analogies/metaphors, 307 
cues, and congruent feedback. Visual representations consisted of correct 308 
demonstrations, partially correct demonstrations, incorrect demonstrations, the 309 
use of task cards, and physical aids. Task maturity and appropriateness was 310 
coded on a scale ranging from 1 (i.e., immature and inappropriate) to 4 311 
(mature and appropriate). 312 
Arm strokes over 50m. Students’ amount of strokes over 50m was 313 
measured in lesson 1 and lesson 10 of all classes in a standardized manner. 314 
Students started in the water, keeping one hand on the pool’s edge. Each 315 
student swam in a lane to avoid disturbance from other swimmers. Every 316 
student was observed by a trained assistant to count the number of strokes 317 
students performed over 50 m. A finger entering the water was counted as one 318 
stroke.  319 
50 m sprint. Swimming performance was measured by means of 50m 320 
sprint time in lesson 1 and 10 in a standardized way. After a whistle blow from 321 
the teacher, students dove into the water and swam 50m as fast as possible. 322 
One student was swimming per lane and was observed by one trained assistant 323 
who measured time using a chronometer. Time started at the whistle blow and 324 
stopped when the student touched the wall. Swim time in seconds was 325 
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converted into a score taking into account the exponential increase of drag and 326 
thus energy cost with increasing speed. The Belgian swimming record was set 327 
as a benchmark and equals a score of 1000. Individual performances were then 328 
calculated using the following formula: (Belgian record/swim time)³ x 1000 = 329 
individual performance score. This conversion has previously been used to 330 
compare performances of swimmers of different levels of expertise and 331 
genders (Daly and Vanlandewijck 1999). Improving a personal best time with 332 
1 second is more difficult for a fast swimmer than for someone slower. Hence 333 
a 1 second improvement at a higher speed represents more points than at a low 334 
speed.  335 
Swimming volume (laps). In all lessons from all classes, the amount of 336 
laps swum per student was recorded in real time by research assistants as a 337 
measurement of work completed.  338 
Sport Education implementation fidelity 339 
Hastie and Casey (2014) have argued that curricular interventions should 340 
provide (a) “a rich description of the curricular elements of the unit, (b) a 341 
detailed validation of model implementation, and (c) a detailed description of 342 
the program context.” The program context has previously been described in 343 
the participants and setting section. In addition, neither the teacher nor the 344 
students had previous experience in models-based instruction. Table 1 345 
provides a description of the Sport Education training and implementation 346 
fidelity on two levels. The first part of Table 1 describes the teacher training to 347 
teach Sport Education. The second part of the table describes the preparation 348 
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and implementation phase of the Sport Education model based on the 10 349 
features identified by Siedentop et al. (2011). Table 1 also provides validation 350 
of model implementation indicating the presence and absence of the elements 351 
throughout the unit and whether these features occurred in both the Sport 352 
Education and SE-CK group.  353 
INSERT TABLE 1 354 
Data collection 355 
Swimming lessons in all classes were videotaped with two cameras, capturing 356 
all students in the swimming pool. A third camera manipulated by a research 357 
assistant was used to constantly capture the teacher. The teacher also wore a 358 
wireless microphone to capture his voice. Recordings from the camera 359 
following the teacher and the microphone were afterwards synchronized to 360 
facilitate the analysis of teacher behaviours. For each lesson, video- and 361 
audiotaping began when the first student entered the class and was ended 362 
when the last student left the class. Each lesson was supervised by two 363 
research assistants and the first author to ensure reliable data collection and to 364 
check whether the teacher correctly implemented the lesson plan. Participant 365 
reactivity was reduced through the introduction of the assistants and researcher 366 
by the teacher to the students, by videotaping one lesson prior to the start of 367 
the study, and by not communicating with the students during all 368 
interventions.  369 
Primary data analysis 370 
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Fourteen students (seven girls and seven boys) were excluded from the 371 
analysis because they did not participate in three or more swimming lessons. 372 
Data were collected on 74 students: 18 in the Traditional class (eight girls and 373 
ten boys), 20 in the Sport Education class (11 girls and nine boys), 17 in the 374 
Traditional-CK class (eight girls and nine boys), and 19 in the SE-CK class 375 
(seven girls and 12 boys). The average lesson time was 41 minutes (range 38-376 
43 minutes). 377 
Data were analyzed using version 19.0 of the Statistical Package for the Social 378 
Sciences (SPSS Inc., Chicago, IL, USA). Kolmogorov-Smirnov testing did not 379 
show violations of the assumption of normality for independent variables (p > 380 
.05), and Levene’s testing demonstrated equality of variances (p> .05). The 381 
amount of arm strokes performed over 50m as well as swimming 382 
performances were analysed using repeated measures analysis of variance 383 
(ANOVA). Significance level was set at p = .05. Effect sizes were reported by 384 
means of partial eta squared (ηp
2)
. The total volume of laps swum in each 385 
group was entered in the design as a covariate. No significant differences 386 
between groups were found for the amount of arm strokes at pretest, F(3, 69) = 387 
.98, p = .40, and for swimming performance, F(3, 69) = .46, p = .71. Teacher 388 
behaviour was reported in terms of total observations per group.  389 
Results 390 
Procedural fidelity 391 
Procedural fidelity was measured in each condition. In the CK groups this was 392 
measured by coding each task in every lesson on four levels: (1) as taught, (2) 393 
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partially correct, (3) different task but consistent with the workshop, or (4) 394 
different task and not consistent with the workshop. A fidelity score was 395 
computed by dividing the amount of tasks in each level with the total amount 396 
of tasks in that lesson, multiplied by 100. A total of 92% of tasks in all CK 397 
classes (range 89%-94%) were coded ‘as taught’, indicating high fidelity. 398 
Coding was performed by two trained research assistants. Mean interobserver 399 
agreement (IOA) was 93% obtained from 33% of all observations. 400 
Procedural fidelity of both Sport Education groups was computed by dividing 401 
the observed Sport Education features in each class with the total amount of 402 
features taught during the Sport Education workshop (i.e., 10), multiplied by 403 
100. For both Sport Education classes, all teacher behaviours were used 404 
indicating adherence to the Sport Education workshop. Coding was performed 405 
by two research assistants. Interobserver agreement was 99%. 406 
Since the teacher received a Sport Education workshop prior to starting the 407 
study, contamination of his teaching in the Traditional class was controlled by 408 
asking the teacher to provide his written lesson plans for the 10-day swimming 409 
unit before starting to teach. These lesson plans were teacher-led and did not 410 
include Sport Education features. In the CK classes, no formal features of the 411 
Sport Education model were implemented. Two research assistants familiar 412 
with the Sport Education model (a) checked whether the plan was followed as 413 
written for the Traditional group, and (b) examined the videotaped lessons in 414 
both the Traditional and Traditional-CK group to assess whether the elements 415 
of Sport Education were used in these units. No changes were found.  416 
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Teacher Behaviour 417 
Verbal representations. Table 2 shows the total count of teacher’s 418 
verbal representations in all groups. The amount of cues in the Traditional-CK 419 
and SE-CK groups increased about six-fold compared to the Traditional and 420 
Sport Education group. No analogies and metaphors were used in all groups. 421 
The amount of instructions and descriptions were relatively stable in all 422 
groups (range: 27-35). In the Traditional and Traditional-CK group, more 423 
specific congruent feedback was given compared to the Sport Education and 424 
the SE-CK group. 425 
Visual representations. A larger amount of partially incorrect 426 
demonstrations was recorded in the Traditional (141) compared to the Sport 427 
Education (75), Traditional-CK (45), and the SE-CK (40) groups. The count of 428 
partially incorrect demonstrations was higher than the count of correct 429 
demonstrations in the Traditional (141 vs 87) and the Sport Education group 430 
(75 vs 38). In Sport Education classes, the count of task card instruction was 431 
higher compared to the non-Sport Education classes (41 and 28 vs 18 and 17). 432 
No incorrect demonstrations were recorded (see Table 2).  433 
Task maturity and developmental appropriateness. The total count of 434 
immature but developmentally appropriate tasks was higher in the Traditional 435 
(29) and Sport Education group (18) compared to the Traditional-CK (3) and 436 
SE-CK group (2). A higher total count was found for mature and 437 
developmentally appropriate tasks in the Traditional-CK (25) and SE-CK (24) 438 
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group compared to the Traditional (6) and the Sport Education group (7) (see 439 
Table 2).  440 
INSERT TABLE 2 441 
Arm strokes 442 
Means and standard deviations can be found in Table 2. Repeated measures 443 
analysis did not show a significant time effect, F(1, 69) = .34, p = .56, ηp
2
 = 444 
.01. A significant group effect was found, F(3, 69) = 3.96, p = .04, ηp
2
 = .13. 445 
Post hoc testing demonstrated a significantly lower number of strokes in the 446 
Traditional-CK (M = 43) and the SE-CK (M = 45) group compared to the 447 
Traditional (M = 53), p < .05. A time x group interaction was found indicating 448 
a decrease of strokes in the CK groups, F(3, 60) = 7.17, p < .01, ηp
2
 = .27 (see 449 
Figure 1). 450 
INSERT FIGURE 1 451 
Swimming Performance 452 
Means and standard deviations can be found in Table 3. Repeated measures 453 
showed no significant time effect, F(1, 69) = 1.45, p = .23, ηp
2
 = .02. No 454 
significant group effect was found, F(1, 69) = 1.65, p = .19, ηp
2
 = .08. A 455 
significant time x group interaction revealed a larger increase in swimming 456 
performance in the CK groups compared to the Traditional and Sport 457 
Education group, F(3, 69) = 3.73, p = .02, ηp
2
 = .16 (see Figure 2). 458 
Amount of laps swum 459 
One-way ANOVA showed a significant difference in the total amount of laps 460 
swum between groups, F(3, 69)= 32.1, p < .001, ηp
2
 = .61. Students in the 461 
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Sport Education group swam significantly more laps during the 10-lesson unit 462 
(200) compared to the Traditional (164), the Traditional-CK (153) and the SE-463 
CK group (160). 464 
INSERT TABLE 3 and FIGURE 2 465 
Discussion 466 
In this study we sought to add to the research base by exploring relationships 467 
between CK, PCK and student learning. We used an experimental strategy to 468 
investigate (1) how a teacher’s enacted PCK differed as a function of CK and 469 
Sport Education; and (2) the relative contribution of CK and Sport Education 470 
to student learning in terms of swimming performance. The results for student 471 
learning can be summarized as follows. In the Traditional group students 472 
neither improved their swimming performance (e.g., 50m sprint) nor did they 473 
decrease the amount of strokes throughout the 10-day unit. Students in this 474 
group swam an average of 164 laps. In the Sport Education group, students 475 
swam 22% (i.e., 200) more laps compared to the traditional groups and 476 
compared to the SE-CK group. However in this condition their performance 477 
did not improve nor did their amount of strokes decrease. In the Traditional-478 
CK group, students swam the least amount of laps (153), yet they decreased 479 
the amount of strokes the most as indicated by a time by group effect showing 480 
larger improvement in the CK groups. A similar effect is reported for the 50m 481 
sprint time. In the SE-CK group students swam on average 160 laps and a time 482 
by group effect demonstrated larger swimming gains compared to the 483 
Traditional and Sport Education group. These results show the impact on 484 
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student learning when CK was added to both traditional and Sport Education 485 
conditions. 486 
Because observational and qualitative studies of PCK have consistently 487 
hypothesized the critical role that CK has on enacted PCK in this study we 488 
provided CK to enhance both the traditional and Sport Education conditions 489 
with the intent of demonstrating the differential effects CK would have on 490 
enacted PCK. We examined the enacted PCK of the teacher in each condition 491 
using (a) the maturity of the task that was selected for the students as a marker 492 
of the influence of SCK on PCK, (b) the quality of demonstrations as a marker 493 
of the teacher’s CCK, and (c) congruence of feedback as a marker of teacher 494 
knowledge of SCK. Our results show that in terms of the teacher’s task 495 
maturity and appropriateness in the traditional and Sport Education groups, 496 
most tasks were immature, but developmentally appropriate. In contrast in the 497 
CK groups, most tasks were both mature and appropriate. The importance of 498 
CK as a missing paradigm in teaching effectiveness research was emphasized 499 
by Shulman (1987 p. 8) nearly three decades ago who observed that how the 500 
subject matter is “organized, represented and adapted to the diverse interests 501 
and abilities of learners” is a defining feature of good PCK and thus of an 502 
effective teacher. Previous research has demonstrated a close relationship 503 
between subject-matter expertise and the way how content is presented and 504 
sequenced (Hastie and Vlaisavljevic 1999; Rovegno, Chen and Todorovich 505 
2003). In the CK workshop, SCK in the form of specific tasks and sequences 506 
of tasks designed to teach specific performance outcomes of the front crawl 507 
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were taught to teachers. The CK workshop in this study changed the quality of 508 
the tasks used by the teacher in the SE-CK and Traditional-CK condition.  509 
In terms of how the task was demonstrated to the students, we found that in 510 
the Traditional and the Sport Education group, the number of partially correct 511 
demonstrations exceeded the number of correct demonstrations between 170 512 
and 200% whereas the opposite was observed in both SE-CK and Traditional-513 
CK condition groups. In the workshop the teacher was asked to demonstrate 514 
the task he was teaching (i.e., CCK). Rink (1994) has argued that 515 
demonstrations are crucial for student learning since they represent the most 516 
common way students come to understand the task. Similar to studies focusing 517 
on task demonstration (Graham 1988; Graham, Hussey, Taylor et al. 1993), 518 
improved CK led to improved demonstrations in lessons. 519 
McCaughtry and Rovegno (2003) note that the ability to provide feedback is 520 
tied to CK. Feedback requires errors to be identified (i.e., SCK), meaningful 521 
feedback to be provided (i.e., PCK). Our findings for feedback were that in the 522 
Sport Education groups less specific congruent feedback was provided by the 523 
teacher compared to Traditional and CK groups. These results may be related 524 
to the nature of Sport Education. In the Sport Education groups, student 525 
coaches mostly provided this type of feedback whereas the teacher provided 526 
other types of feedback such as the use of task cards.  527 
In summary, the primary finding of this study is that students in the 528 
Traditional and Sport Education group did not get the same quality of 529 
instruction as students in the Traditional-CK and SE-CK condition. The latter 530 
Page 23 of 50
URL: http://mc.manuscriptcentral.com/cpes  Email: pesp@beds.ac.uk
Physical Education and Sport Pedagogy
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
For Peer Review Only
Teacher Behaviour and Student Learning in Swimming 
24 
 
groups received content that was presented differently both as a presentation 531 
and in terms of the actual task. In short, students in the Traditional and Sport 532 
Education condition experienced the content differently than those in the 533 
Traditional-CK and SE-CK condition. These differences in instruction resulted 534 
in students in the Traditional-CK and SE-CK condition improving their 535 
swimming performances in terms of technical efficiency and in terms of 50m 536 
times. CK has been frequently hypothesized as influencing PCK (Ayvazo and 537 
Ward 2011; Graham 1988; Graham et al. 1993; McCaughtry and Rovegno 538 
2003; Rovegno et al. 2003; Siedentop 2002; Ward 2009). This study is among 539 
the first to experimentally demonstrate this relationship. The changes to the 540 
teacher’s enacted PCK were immediate and consistently maintained across the 541 
10 days in both the Traditional-CK and SE-CK conditions. 542 
In our introduction we situated this study in the context of arguing that teacher 543 
quality impacts student learning through the creation of quality learning 544 
environments. We argued that many pedagogical interventions are package 545 
interventions (e.g., Sport Education) consisting of instructional and in some 546 
cases managerial elements. In framing this argument we contended that CK is 547 
a critical element of these pedagogical interventions. This finding has 548 
important implications for the inclusion of CK and in particular, SCK in the 549 
preservice and the continuing professional development of teachers. 550 
There are several limitations inherent in this study. First, in this exploratory 551 
study we used students as the unit of analysis where more correctly class 552 
should have been used. Though the descriptive data show substantive 553 
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differences between Traditional and Sport Education group compared to the 554 
Traditional-CK and SE-CK condition contributing to the internal validity of 555 
our study, we are nonetheless unable to generalize beyond this context. Future 556 
studies should focus on not only demonstrating effect sizes but also the 557 
generality of findings. Second, this was a 10-day unit of swimming 558 
instruction. While this exceeds the typical length of a unit of instruction in 559 
Belgium (i.e., most units are 4 to 8 days in duration), it is not the preferred 560 
duration for Sport Education units. Siedentop et al. (2011) have argued that 561 
engagement in an extended season creates opportunities for understanding, 562 
shared learning and accomplishment that typically do not occur in 563 
instructional units of shorter durations. Although speculative, one could 564 
assume that a longer unit would increase the already existing differences 565 
between the CK and non-CK groups.   566 
Third, in this study our focus was on psychomotor outcomes. Sport education 567 
focuses on several other outcomes that we did not measure. It would be 568 
erroneous to conclude that the Sport Education conditions did not impact 569 
variables such as motivation. The high number of laps swum in the Sport 570 
Education condition could be an indicator of student motivation. Future 571 
studies should consider the measurement of motivational variables and 572 
knowledge. Particularly in the context of Metzler’s (2011) contention that 573 
different instructional models purposely produce different outcomes. 574 
Fourth, we rely in this study on the assumption that the knowledge acquired in 575 
the workshops for Sport Education and for CK were responsible for the 576 
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changes in student learning. While there are measures of procedural fidelity 577 
for each condition that examine the extent to which teaching behaviors and 578 
instructional contexts characterize each condition we did not directly measure 579 
teacher knowledge. At present there are no validated assessments of teacher 580 
CCK and SCK in physical education. There is a pressing need for the 581 
development of such knowledge tests. Finally, the organization of the Sport 582 
Education unit was limited in a number of ways in this study. Our focus on 583 
swimming as opposed to a racquet or invasion game allowed for a closely 584 
controlled context focusing on the front crawl, but the transfer to other 585 
activities such as invasion games is unknown. Future studies ought to replicate 586 
our protocols in other sports and activities. 587 
Conclusion 588 
The strengths of this study include the operationalization of CK as CCK and 589 
SCK. Being able to design the elements of the workshop to focus on the CCK 590 
and SCK represents an important contribution to the professional development 591 
literature. Although research is needed to examine the qualitative components 592 
of such workshops, the results of this study provide a validation of its design. 593 
A second strength of this study lies in the operationalization and measurement 594 
of PCK. This is among the first studies in physical education to provide a 595 
direct measure of PCK. In each of the three variables used, task maturity, 596 
demonstrations, and congruent feedback teachers enacted PCK was able to be 597 
differentiated among conditions. Though demonstrations and feedback have 598 
been used in many teacher effectiveness studies, the maturity of the task has 599 
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only been discussed in observational or qualitative studies to date. As such this 600 
represents an important contribution to the literature. Finally our intent in this 601 
study was not to argue in favour of a pedagogical intervention over another, 602 
but rather to demonstrate the important role that CK plays in the psychomotor 603 
outcomes of pedagogical interventions. Although more research is needed to 604 
provide a comprehensive picture of the role of CK, PCK and student learning 605 
the present study adds to the research base by providing evidence for the 606 
changes in teacher and student learning that occur when a teacher’s CK is 607 
strengthened. 608 
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Table 1. Sport Education implementation fidelity 722 
Preparation Fidelity Indicator/Example SE SE-
CK 
Teacher trained in the Sport Education 
Model 
 
The teacher attended a 3-hour Sport Education workshop in which the 
relevant Sport Education features were taught (Siedentop, et al., 2011).  
√ NA 
Teacher Planning The teacher prepared the daily lesson plans taking into account the 
Sport Education features taught during the workshop. All lesson plans 
were reviewed by the primary investigator ensuring implementation of 
the Sport Education features.   
√ √ 
The teacher trialed the Sport Education 
curriculum with a class not associated with 
the study. 
Feedback from the lead investigator was provided and refinement by 
the teacher occurred during this unit. 
- - 
Sport Education Features serving as 
Benchmarks 
   
Unit organized as a season that is longer 
than the typical 10-12 lesson unit.  
It was not possible to convince the teacher and the school to extend 
the 10 day unit they typically use in this school and region (See 
A A 
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discussion). 
Students are organized into mixed ability 
teams for the duration of the unit. 
- Students remained in the same mixed ability team determined by the 
teacher for the entire duration of the swimming unit.  
- Teams had assigned spaces in the swimming pool including a “team home 
lane”.  
D 
 
D 
D 
 
D 
Students learned multiple roles - Students were assigned roles in addition to their ‘swimmer’ role including 
coach (instructing lesson content, provision of feedback), captain 
(communication with teacher, checking attendances, leading the team), and 
manager (responsible for equipment such as portfolios, swim caps). 
- The teacher modeled the roles during the first day of the unit. During the unit, 
the teacher followed up these roles and tried to keep in control of the managerial 
aspects of these roles. For example: the student-coach was responsible for 
instructing the team members the tasks given by the teacher on task cards. 
To facilitate the provision of these tasks in a qualitative way, the teacher 
controlled the managerial aspects: after handing over the task cards, the 
coaches were given a certain amount of time to read the tasks by 
themselves. Next, the teacher asked teams to get together and listen 
carefully to the coach for a defined amount of time (depending on the task). 
D 
 
 
 
D 
D 
 
 
 
D 
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Finally, teammates were allowed to ask their coach questions (again for a 
certain amount of time) and after a whistle blow by the teacher the teams 
got started.  
Activities were modified to encourage 
engagement of all the students. 
- Students often worked in pairs on developmentally appropriate tasks. 
- The teacher used ‘team averages’ on the level of arm strokes and 50m swim 
time to ensure engagement of high as well as low-skilled students. 
D D 
Team gradually introduced to techniques 
and tactics 
- Teacher acted as a facilitator during interactions with teams. 
- The teacher provided task cards for coaches. 
- The tasks became more complex over the course of the unit (e.g., from tasks 
focusing on the reduction of drag to tasks focusing on coordination). 
D 
D 
D 
D 
D 
D 
The season includes developmentally 
appropriate competitions 
Students engaged in team challenges (e.g., Which team holds the 
lowest average amount of strokes needed for 50 meters? Which team 
has the highest average improvement for the 50m time?) and did 
scrimmages within their team (e.g., Which team member can float at 
least three meters after a turning point?). 
D 
 
D 
Organizational format for competitions - Teams engaged in scrimmages, regular season phase and an end-of-season 
event. 
P P 
Records are kept during the season Team performances (e.g., times, challenge results) and assessments D D 
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(e.g., students’ 50m swim time and team average, students’ amount of 
strokes for swimming 50m and team average, completed tasks) were 
recorded in the portfolios and posted on the scoreboard.  
Season champions are determined by a 
point system 
Points were awarded for: 
- Highest performing team on the level of role responsibility fulfillment. 
- Highest performing team in terms of receiving daily bonus points for 
exceptionally good role fulfillment.  
- Highest reduction in team average for 50m swim time. 
- Highest reduction in team average for the amount of strokes for 50m. 
- Fastest team in 50m sprint. 
 
D 
D 
 
P 
P 
P 
 
D 
D 
 
P 
P 
P 
The season is designed to be festive with a 
culminating experience 
- Teams had a separate bulletin board where they posted their team 
results. 
- Teams were named after important swimming countries such as USA, Japan,  
and the Netherlands.  
- Team members wore a swim cap with their nation’s flag on it.  
- There were individual team bulletin boards 
- Teams had individual portfolios with their nation’s flag on it which contained 
D 
 
D 
 
D 
D 
D 
D 
 
D 
 
D 
D 
D 
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lesson tasks, attendance forms, task cards, and a description of role 
responsibilities). 
- The last day of the unit awards are given to teams (e.g., the team that 
improved most on the level of time, on the level of stroke reduction, on the 
level role performances). 
 
 
P 
 
 
P  
 Note: “A” indicates the absence in this study of a feature; “D” indicates that the feature was present during the Sport Education unit 723 
(i.e., >80% of the lessons);  “P” indicates the feature was present as appropriate; and “NA” indicates ‘not applicable’. 724 
  725 
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Table 2. Total count of teacher behavior in the Traditional, Sport Education (SE), Traditional-CK, and SE-CK group  726 
 Traditional SE Traditional-CK SE-CK 
Verbal Representations 
 Instructions 
 Descriptions 
 Analogies/metaphors 
 Cues 
 Specific Congruent Feedback 
 
38 
35 
0 
5 
162 
 
38 
27 
0 
5 
67 
 
34 
29 
0 
37 
116 
 
34 
33 
0 
30 
65 
Visual Representations 
 Correct Demos 
 Partially Correct Demos 
 Incorrect Demos 
 Task Cards 
 Physical Aid 
 
87 
141 
0 
18 
1 
 
38 
75 
0 
41 
0 
 
81 
46 
0 
17 
0 
 
78 
40 
0 
28 
2 
Task Maturity 
 Mature and Appropriate (4) 
 
6 
 
7 
 
25 
 
24 
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 727 
  728 
 Mature and Developmentally inappropriate (3) 
 Immature Developmentally Appropriate (2) 
 Immature and Inappropriate (1) 
6 
29 
0 
6 
18 
0 
1 
3 
0 
2 
2 
0 
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Table 3. Repeated measures analysis of pre –and posttests of arm strokes and swimming performances in the Traditional,  729 
Sport Education (SE), Traditional-CK, and SE-CK group 730 
 731 
 732 
 733 
 734 
 735 
 736 
 737 
 738 
 739 
 740 
 741 
  742 
 Traditional  
(n=19) 
 SE 
 (n=18) 
 Traditional-CK 
(n= 19) 
SE-CK  
(n=18) 
Time Group Time x group 
  M (SD)  M (SD)  M (SD)  M (SD) P- values 
Arm strokes pretest  53 (11)  47 (10)  47 (10)  49 (9)    
Arm strokes posttest  53 (13)  45 (9)  37 (9)  41 (8)    
Mean Difference pre post  0  (15)  -2  (7)  -10  (7)  -8 (7) .56 .04 <.001 
Swimming performance pretest 134 (124) 134 (70) 159 (76) 159 (80)    
Swimming performance posttest 160 (125) 155 (74) 212 (72) 198 (82)    
Mean Difference pre post +26  (37) +21  (44) +53  (34) +39  (26) .23 .19 .02 
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Figure captions 743 
Figure 1. Arm strokes at pretest and posttest in the Traditional, Sport 744 
Education, Traditional-CK, and SE-CK group. 745 
Figure 2. Swimming scores at pretest and posttest in the Traditional, Sport 746 
Education, Traditional-CK, and SE-CK group. 747 
748 
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 749 
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Figure 1. Arm strokes at pretest and posttest in the Traditional, SE, Traditional-CK, and SE-
CK group. 
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Figure 2. Swimming scores at pretest and posttest in the Traditional, SE, Traditional-CK, and 
SE-CK group. 
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Table 1. Sport Education implementation fidelity 
Preparation Fidelity Indicator/Example SE SE-CK 
Teacher trained in the Sport Education Model 
 
The teacher attended a 3-hour Sport Education workshop in which the relevant 
Sport Education features were taught (Siedentop, et al., 2011).  
√ NA 
Teacher Planning The teacher prepared the daily lesson plans taking into account the Sport Education 
features taught during the workshop. All lesson plans were reviewed by the primary 
investigator ensuring implementation of the Sport Education features.   
√ √ 
The teacher trialed the Sport Education curriculum 
with a class not associated with the study. 
Feedback from the lead investigator was provided and refinement by the teacher 
occurred during this unit. 
- - 
Sport Education Features serving as Benchmarks    
Unit organized as a season that is longer than the 
typical 10-12 lesson unit.  
It was not possible to convince the teacher and the school to extend the 10 day unit 
they typically use in this school and region (See discussion). 
A A 
Students are organized into mixed ability teams 
for the duration of the unit. 
- Students remained in the same mixed ability team determined by the teacher for 
the entire duration of the swimming unit.  
- Teams had assigned spaces in the swimming pool including a “team home lane”.  
D 
 
D 
D 
 
D 
Students learned multiple roles - Students were assigned roles in addition to their ‘swimmer’ role including coach 
(instructing lesson content, provision of feedback), captain (communication with 
teacher, checking attendances, leading the team), and manager (responsible for 
equipment such as portfolios, swim caps). 
- The teacher modeled the roles during the first day of the unit. During the unit, the 
teacher followed up these roles and tried to keep in control of the managerial aspects of 
D 
 
 
 
D 
D 
 
 
 
D 
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these roles. For example: the student-coach was responsible for instructing the team 
members the tasks given by the teacher on task cards. To facilitate the provision of 
these tasks in a qualitative way, the teacher controlled the managerial aspects: 
after handing over the task cards, the coaches were given a certain amount of time 
to read the tasks by themselves. Next, the teacher asked teams to get together and 
listen carefully to the coach for a defined amount of time (depending on the task). 
Finally, teammates were allowed to ask their coach questions (again for a certain 
amount of time) and after a whistle blow by the teacher the teams got started.  
Activities were modified to encourage 
engagement of all the students. 
- Students often worked in pairs on developmentally appropriate tasks. 
- The teacher used ‘team averages’ on the level of arm strokes and 50m swim time 
to ensure engagement of high as well as low-skilled students. 
D D 
Team gradually introduced to techniques and 
tactics 
- Teacher acted as a facilitator during interactions with teams. 
- The teacher provided task cards for coaches. 
- The tasks became more complex over the course of the unit (e.g., from tasks 
focusing on the reduction of drag to tasks focusing on coordination). 
D 
D 
D 
D 
D 
D 
The season includes developmentally appropriate 
competitions 
Students engaged in team challenges (e.g., Which team holds the lowest average 
amount of strokes needed for 50 meters? Which team has the highest average 
improvement for the 50m time?) and did scrimmages within their team (e.g., Which 
team member can float at least three meters after a turning point?). 
D 
 
D 
Organizational format for competitions - Teams engaged in scrimmages, regular season phase and an end-of-season event. P P 
Records are kept during the season 
 
Team performances (e.g., times, challenge results) and assessments (e.g., students’ 
50m swim time and team average, students’ amount of strokes for swimming 50m 
D D 
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 and team average, completed tasks) were recorded in the portfolios and posted on 
the scoreboard.  
Season champions are determined by a point 
system 
Points were awarded for: 
- Highest performing team on the level of role responsibility fulfillment. 
- Highest performing team in terms of receiving daily bonus points for exceptionally 
good role fulfillment.  
- Highest reduction in team average for 50m swim time. 
- Highest reduction in team average for the amount of strokes for 50m. 
- Fastest team in 50m sprint. 
 
D 
D 
 
P 
P 
P 
 
D 
D 
 
P 
P 
P 
The season is designed to be festive with a 
culminating experience 
- Teams had a separate bulletin board where they posted their team results. 
- Teams were named after important swimming countries such as USA, Japan,  and 
the Netherlands.  
- Team members wore a swim cap with their nation’s flag on it.  
- There were individual team bulletin boards 
- Teams had individual portfolios with their nation’s flag on it which contained lesson 
tasks, attendance forms, task cards, and a description of role responsibilities). 
- The last day of the unit awards are given to teams (e.g., the team that improved 
most on the level of time, on the level of stroke reduction, on the level role 
performances). 
D 
D 
 
D 
D 
D 
 
 
P 
D 
D 
 
D 
D 
D 
 
 
P  
Note: “A” indicates the absence in this study of a feature; “D” indicates that the feature was present during the Sport Education unit (i.e., >80% of the 
lessons);  “P” indicates the feature was present as appropriate; and “NA” indicates ‘not applicable’. 
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Table 2. Total count of teacher behavior in the Traditional, SE, Traditional-CK, and SE-CK 
classes 
 
 Traditional SE Traditional-CK SE-CK 
Verbal Representations 
 Instructions 
 Descriptions 
 Analogies/metaphors 
 Cues 
 Specific Congruent Feedback 
 
38 
35 
0 
5 
162 
 
38 
27 
0 
5 
67 
 
34 
29 
0 
37 
116 
 
34 
33 
0 
30 
65 
Visual Representations 
 Correct Demos 
 Partially Correct Demos 
 Incorrect Demos 
 Task Cards 
 Physical Aid 
 
87 
141 
0 
18 
1 
 
38 
75 
0 
41 
0 
 
81 
46 
0 
17 
0 
 
78 
40 
0 
28 
2 
Task Maturity 
 Mature and Appropriate (4) 
 Mature and Developmentally inappropriate (3) 
 Immature Developmentally Appropriate (2) 
 Immature and Inappropriate (1) 
 
6 
6 
29 
0 
 
7 
6 
18 
0 
 
25 
1 
3 
0 
 
24 
2 
2 
0 
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Table 3. Repeated measures analysis of pre –and posttests of arm strokes and swimming performances in the Traditional,  
SE, Traditional-CK, and SE-CK group  
 
 Traditional  
(n=19) 
 SE 
 (n=18) 
 Traditional-CK 
(n= 19) 
SE-CK  
(n=18) 
Time Group Time x group 
  M (SD)  M (SD)  M (SD)  M (SD) P- values 
Arm strokes pretest  53 (11)  47 (10)  47 (10)  49 (9)    
Arm strokes posttest  53 (13)  45 (9)  37 (9)  41 (8)    
Mean Difference pre post  0  (15)  -2  (7)  -10  (7)  -8 (7) .56 .04 <.001 
Swimming performance pretest 134 (124) 134 (70) 159 (76) 159 (80)    
Swimming performance posttest 160 (125) 155 (74) 212 (72) 198 (82)    
Mean Difference pre post +26  (37) +21  (44) +53  (34) +39  (26) .23 .19 .02 
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This experimental study was conducted to investigate how a teacher’s enacted Pedagogical Content 
Knowledge (PCK) differed as a function of Content Knowledge (CK) and Sport Education (SE); and 
to investigate the relative contribution of CK and Sport Education on student learning in terms of 
swimming performance. Four intact classes comprising 88 secondary school students (age: 16-17 
years) were randomly assigned to a Traditional, a Sport Education, a Traditional-CK, and a SE-CK 
group. All classes were taught by the same teacher during a 10-day unit of instruction in the front 
crawl. Results showed that the teacher’s PCK differed as a function of improved CK. Students 
achieved higher learning in the Traditional-CK and SE-CK groups, and the Sport Education model 
alone did not contribute to students’ swimming performance. This study demonstrates the important 
role that CK plays in both PCK and student learning.  
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